We study cosmological dynamics of an extended gravitational theory that gravity is coupled non-minimally with derivatives of a dark energy component and there is also a phenomenological interaction between the dark energy and dark matter. Depending on the direction of energy flow between the dark sectors, the phenomenological interaction gets two different signs. We show that this feature affects the existence of attractor solution, the rate of growth of perturbations and stability of the solutions. By considering an exponential potential as a self-interaction potential of the scalar field, we obtain accelerated scaling solutions that are attractors and have the potential to alleviate the coincidence problem. While in the absence of the nonminimal derivative coupling there is no attractor solution for phantom field when energy transfers from dark matter to dark energy, we show an attractor solution exists if one considers an explicit nonminimal derivative coupling for phantom field in this case of energy transfer. We treat the cosmological perturbations in this setup with details to show that with phenomenological interaction, perturbations can grow faster than the minimal case.
INTRODUCTION
Observational data such as the type Ia Supernovae redshift-distance surveys [1, 2, 3, 4, 5, 6, 7] , the Baryon Acoustic Oscillations of the matter density power spectrum [6, 7, 8] and the angular location of the first peak in the CMB power spectrum [6, 7, 9, 10] from various origins show that the universe currently is experiencing a positive accelerating phase of expansion. To describe this expansion, one can modify the gravitational sector [11, 12, 13] or modify the content of the universe by introducing a dark energy component with negative pressure that violates the strong energy condition. The cosmological constant with EoS ω = −1 is the simplest model of dark energy that coincides extraordinarily with observational data, but it suffers from lake of dynamics and fine-tuning problems [14, 15, 16, 17] .
The dark energy scenario can be described by various scalar fields with variety of dynamical equation of state, among them we can mention quintessence field (a canonical scalar field) [18, 19, 20, 21] , phantom field (a scalar field with negative kinetic term) [22, 23, 25, 26, 27, 28, 61] , a combination of both these fields in a unified model called the quintom field model [29, 30, 31] , tachyon fields that emerge from string theory [32, 33, 34, 35] , k-essence fields (with a generalized kinetic energy term) [36, 37] and Chaplygin gas component [38, 39] . Furthermore, there are more complex models that describe the dark energy, in which the fields are non-minimally coupled to the background curvature. Application of these extended scenarios, dubbed scalartensor theories [40, 41, 42, 43, 44, 45, 46, 47] , have interesting cosmological outcomes in both inflation and the dark energy eras. As it was shown in [48, 49, 50, 51] , non-renormalizable operators coming out from the nonminimal coupling violate the unitarity bound of the theory during inflation era. To avoid this unitarity violation and also to find a framework that the Higgs boson would behave like a primordial Inflaton, one can consider nonminimal coupling between the derivatives of the scalar fields and curvature [52, 53, 54, 55, 56, 63] . This scenario can be regarded as a subset of the most general scalartensor theories. In Refs. [57, 58] coupling between the scalar field and the kinetic term has been considered as a source of dark energy, and the role of this coupling in the late-time cosmic speed up has been investigated. These theories emerge as low energy limit of some higher dimensional theories, like superstring theory [59] and also appear as part of the Weyl anomaly in N = 4 conformal supergravity [60, 61] . Furthermore, from a perturbative viewpoint, a new window has been opened on the issue of quantum gravity proposal in this framework [62] . The role of this non-minimal derivative coupling during inflation has been considered in Refs. [64, 65, 66] .
From another perspective, possible interaction between the dark energy and dark matter opens new window on the issue of the cosmological coincidence problem. Although there is no direct evidence for interaction between the dark sectors at least currently, in the absence of a fundamental theory that excludes interaction between the dark sectors, we can consider non-minimal interaction between dark energy and dark matter to alleviate coincidence problem [67, 68, 69, 70, 71, 72, 73] . Moreover this interaction potentially improves interpretation of observational data [74, 75, 76] . Therefore, it is important, at least theoretically, to see possible outcomes of such an interaction and its impact on late time cosmological dynamics. For this reason we include also an interaction, much on the basis of some phenomenological considerations, between the dark sectors with the hope to shed some light on the issue of cosmological coincidence problem. By considering such an interaction between the dark sectors, whether the energy flows from dark matter to the dark energy or the reverse occurs, now is an important issue in late time cosmic dynamics. The direction of energy flow due to interaction between the dark sectors affects considerably the issues such as the existence of attractor solutions, growth rate of perturbations and the stability of cosmological solutions. With these points in mind, we consider two different candidates for dark energy: a quintessence and a phantom field, and in each case we analyze the cosmological dynamics in phase space, the statefinder diagnostic, stability in w − w ′ phase plane and the full analysis of the perturbations in this setup with some exact solutions. The behavior of these solutions for matter perturbations on sub-Hubble scales are treated carefully for matter and scaling solutions eras.
II. THE SETUP
We consider an extension of scalar-tensor theories of gravity that derivatives of a scalar field, as a dark energy candidate, are coupled to curvature and there is also a phenomenological interaction between the dark energy and dark matter components. Our final goal with these types of extension is to see the status of coincidence problem and also growth rate of perturbations in this setup. Following the pioneer work of Amendola [52] , the Lagrangian of possible interaction between gravity and derivatives of the dark energy component can be sorted as follows
(for more details see also [54] ). Here we just consider L 1 and L 2 since, as discussed in [52, 53, 55, 56, 64] , using total divergences and without loss of generality one can keep only the first two terms. The coefficients k 1 and k 2 are coupling parameters with dimension of lengthsquared. As a specific case, and more importantly in order the resulting theory to be free of ghosts (see for instance [56] ), we set k 2 = −2k 1 = η, which gives the Einstein tensor G µν . Therefore, the ghost-free action of our setup takes the following form
where F (ϕ) = βe αϕ is the interacting term between the dark sectors with constants α and β > 0, and R is the curvature scalar, ϕ is the homogeneous scalar field (as a dark energy component), V (ϕ) is the scalar field potential and L m is the Lagrangian density of matter (all sorts of matter except baryons and radiation which are subdominant and supposed to be minimally coupled to gravity). We consider the system of units in which 8πG = c = = 1. In addition, we use a symbol ǫ in order to show quintessence and phantom field in a unified manner so that ǫ takes the value +1 for the quintessence field and −1 for the phantom field. By taking variation of the action (1) with respect to the metric, we get the field equations [55, 56] as follows
with
where
correspond to the variation of the terms that depend on the scalar field in the Jordan frame and T (m) µν is the ordinary energy-momentum tensor of matter component. Considering a spatially-flat Friedmann-RobertsonWalker metric as
where t is the cosmic time, (r, θ, ϕ) are the comoving spatial (radial and angular) coordinates, a(t) is the scale factor and H =ȧ/a is the Hubble parameter, the field equations (3) and (4) for (00) and (11) components (energy density and pressure, respectively) take the following form
Friedmann equations can be written as
(9) where γ ≡ 1 + w m is the barotropic index which depends on the type of matter. Variation of the action (1) with respect to the scalar field gives the equation of motion of this field as
where a prime represents derivative with respect to ϕ. The continuity equations for scalar field and dark matter are respectively as followṡ
where Q = F ′ (ϕ)φρ m is a specific interaction term obtained in this model. The sign of Q shows the direction of energy transfer      Q > 0, Energy transfers from dark matter to dark energy. Q < 0, Energy transfers from dark energy to dark matter.
This sign has important role in the existence of attractor solutions, growth rate of perturbations and the stability of cosmological solutions. In comparison with the standard continuity equation, we havė
Depending on the direction of energy flow from DM to DE or vice versa, the growth rate of DM density differs from the standard case without interaction. For Q > 0
Dark M atter, γ ef f > γ, DM gets red-shifted faster than a
Dark M atter, γ ef f < γ, DM gets red-shifted slower than a −3
III. THE PHASE SPACE ANALYSIS
Now we focus on the cosmological status of this model via a dynamical system analysis. This technique has the capability to shed light on the existence and stability of critical points in the cosmic history of the model, each corresponding to a cosmological phase of expansion. We also focus mainly on the role of the non-minimal derivative coupling and the interaction between the dark sectors in this setup. For this purpose we introduce some new dimensionless variables to translate our equations in the language of the autonomous dynamical system. We consider the following dimensionless quantities
We obtain a constraint on the parameters space of the model by rewriting the Friedmann equation (8) in terms of the new variables as follows
which allows us to investigate evolution of just three variables since the forth one can be expressed in terms of the other ones. In which follows we consider x 1 as our dependent variable and omit it in our forthcoming calculations. We suppose the case with positive Q where the energy flows from dark matter to dark energy. We rewrite the Friedmann equation (9) and the equation of motion (10) versus the new phase space variables. To this end, we consider an exponential potential as
where λ and V 0 are positive constants. Then we find,
In the next step, we introduce a new time variable N = ln a(t) which is related with the cosmic time through dN = Hdt, and we reach the following autonomous system of equations
where a prime denotes the derivative with respect to N . Now we find the critical points (fixed points) of the model to analyze the cosmological evolution and history in this setup. For this goal, the autonomous equations (20 -22) are set equal to zero. To study the stability around these fixed points we have to calculate the eigenvalues in each critical points. These eigenvalues can be derived from the following matrix equation
where M is the Jacobian matrix that is evaluated at the fixed points as follow
The general solution for the above system in the linear approximation is
where λ 1 , λ 2 , λ 3 and A, B, C are respectively eigenvalues and eigenvectors of the M matrix at the critical points. If all real eigenvalues are negative, the fixed points will be attractors (i.e. asymptotically stable nodes), but if these real eigenvalues are positive, the fixed points will be repellers (i.e. asymptotically unstable nodes). However, if one of the eigenvalues is negative, the fixed points will be saddle points. Furthermore, if there are complex eigenvalues, depending on the sign of the real parts, they will be stable (or unstable) spirals.
To proceed further, we consider two scalar fields, quintessence and phantom field. For quintessence field ǫ = +1 and we solve the above equations. For phantom field ǫ = −1. In addition, we introduce ω tot as the total equation of state parameter at the critical points
where 'c' stands for critical point. The equation of state parameter (26) in terms of the dimensionless parameters can be rewritten as follows
To have the possibility of accelerated expansion in this setup, ω totc has to be restricted as ω totc < − . Also, according to the constraint Ω ϕ + Ω m = 1, these parameters should satisfy the following conditions
A. The phase space with a quintessence field
Solving equations (20 -22) with ǫ = +1, we reach at seven critical points (A, B, C, D, E, F, G) in our system, but the critical point G is not a physically acceptable point. So, we just discuss the remaining six critical points. Furthermore, we study stability of solutions around these fixed points that is related to the form of the eigenvalues in each critical point. The results are summarized in tables I and II. Now we focus on the properties of each critical point separately. In all calculations we consider the constraint γ = 1 (a pressureless matter).
• Critical point A:
The critical point A represents an attractor for α > √ 6 2 and λ > √ 6, otherwise it is a saddle point and a scalar field's kinetic energy term dominates the universe. In this case we have no late-time acceleration.
• Critical points B ± :
The critical points B ± show saddle points in the phase space. These points belong to matter domination era. The saddle nature of these points reflects the fact that the matter domination era is a transient phase in cosmic history with deceleration.
• Critical points C ± :
The critical points C ± show a solution with matter density and a scalar field's kinetic energy term domination. As we see, this contribution depends on the value of α. But the behavior of these two critical points depends on the values of α and λ. If we consider α 2 < 3 2 and λα − α 2 > 3 2 , these two critical points are attractors, otherwise they will be saddle points. Nevertheless, in both cases there is no possibility for accelerating phase of expansion.
• Critical points D ± :
The critical points D ± denote either a solution with a potential energy term domination or a scalar field's kinetic energy term domination. As we see, this contribution depends on the values of λ. These two critical points behave like attractor points in the phase space if we consider λ 2 < 6 and λ 2 −λα < 3. But if we consider λ 2 − λα > 3, these two fixed points will be saddle. In both of these cases, by assuming λ 2 < 2, accelerating phase of expansion is possible.
• Critical points E ± :
These critical points represent cosmological constant domination phase. Unfortunately, in this case the eigenvalues are indefinite and one cannot understand the behavior of the fixed points E ± .
• Critical points F ±∓ :
The critical points F ±∓ are scaling solutions with accelerated expansion and naturally the coincidence problem can be alleviate in this situation. By choosing λ and α parameters from the shaded region in the left panel of figure 1 , the critical points will be attractor nodes. For
there is an accelerating phase of expansion. In fact, our analysis verifies that Ωm Ωϕ < 1 and ω totc < − 1 3 . The phase portrait for this case is illustrated in right panel of figure 1. This figure shows that all trajectories converge to the attractor points F ±∓ . By choosing suitable values of quantities λ and α, we obtain the current value of the dark matter density parameter, Ω m , that is in agreement with the recent data from Planck 2015 [7] , Ω m = 0.3089 ± 0.0062 from TT, TE, EE+lowP+lensing+ext data. Furthermore, these points represent that for positive λ we have to consider negative α and coupling term behaves like a potential function.
B. The phase space with a phantom field
Solving equations (20 -22) with ǫ = −1, we reach seven critical points (A, B, C, D, E, F, G) in our system. The critical point C is not a physically acceptable point and it will not be considered in our forthcoming arguments. These critical points and stability around them are summarized in tables III and IV. Now we investigate the properties of each critical point separately. As before, we suppose γ = 1.
The fixed point A shows a saddle point in a scalar field's kinetic energy dominated universe and in this case we have no late-time acceleration.
• Critical points B ± : Like the previous subsection, the critical points B ± show saddle points in the matter dominated phase and represent that the matter domination era is transient phase.
• Critical points E ± : These critical points represent cosmological constant domination era. Once again, in this case the eigenvalues are indefinite and one cannot understand the behavior of the fixed points E ± .
The critical points F ±∓ show either a solution with matter density term and a scalar field's kinetic energy term domination or potential term domination. According to their eigenvalues, if we choose α and λ from the shaded area in the left panel of figure 2 , the critical points will be attractor nodes, otherwise we have saddle points. There is an accelerated expansion phase under the condition
We can obtain the current value of the dark matter density, Ω m , that is in agreement with the recent data from Planck2015 [7] , Ω m = 0.3089 ± 0.0062 by choosing α = −3.5 and λ = 0.5. Furthermore, the equation of state parameter of the dark energy gets a value very close to the equation of state parameter of the dark energy from TT, TE, EE+lowP+lensing+ext data in Ref. [7] , that is, ω = −1.019 +0.075 −0.080 . In the absence of the non-minimal derivative coupling, there is no such a good agreement with data in this setup. The important issue about this point is that the existence of the non-minimal derivative coupling provides the possibility of having attractor solution (or scaling solution) for the present universe and this is in contrast with the previous work such as [26] that shows jut the future attractors. Also if we consider non-minimally coupled derivative without interaction between dark sectors, there will be no attractor points [77] . So, we can conclude that the existence of the non-minimally coupled derivative and also interaction between dark sectors is necessary to find attractor solution.
• Critical points G ±∓ :
The critical points G ±∓ , for a narrow range of α, show a solution with matter density and a scalar field's kinetic energy term domination. These points also, are critical points that carry some information about the role of the non-minimal derivative coupling in this setup. These solutions are 
TABLE II. The eigenvalues (θi's) of the critical points for quintessence field.
point(x2c, x3c, x4c) θ1, θ2, θ3
, undefined attractor if we choose α and λ from the shaded region in the right panel of figure 2 . As we see from figure 3, α and λ parameters have the same signs in contrast with the critical points F ±∓ . To find a value of the dark matter density parameter, Ω m , that is in agreement with the recent data from Planck2015 [7] that gives Ω m = 0.3089 ± 0.0062, we have to consider α = 1.61 with any positive λ. Furthermore, the equation of state parameter of the dark energy reaches −1.85, which is close to the best fit ω = −1.94 for Planck+WMAP, the best fit ω = −1.94 for Planck+WMAP+high L [6] , ω = −1.54
−0.50 for TT and ω = −1.55
−0.48 for TE+EE in [7] . Our analysis shows that in the absence of the non-minimal derivative coupling, there is no such a good agreement with data in this setup. In fact, existence of a non-minimal coupling between the derivatives of the dark energy component and curvature provides a better fit with observations in this setup.
Now we investigate the classical stability of the solutions in ω ′ ϕ − ω ϕ phase-plane of the scalar fields with non-minimal derivative coupling (other similar interesting cases can be seen in Refs. [78, 79, 80, 81, 82, 83] ). Like the previous parts, a prime denotes the derivative with respect to N = ln a(t),
and
By considering the sound speed as c 2 a ≡ṗρ or equivalently c 2 a ≡ dp dρ , we obtain the following general result
The sound speed represents the phase velocity of the inhomogeneous perturbations of the scalar field. This function would be the adiabatic sound speed in this fluid if we consider the the energy-momentum of the scalar field as a perfect fluid form. To get ride off the future big rip singularity, sound speed is supposed to be positive. We calculate c 2 a in our model and then ω ′ will be achieved easily. By using equations (6), (7), (13) and the sound speed definition we get point(x2c, x3c, x4c) θ1, θ2, θ3
, undefined
, 0) -
then we obtain the following form for ω For the sake of economy we avoid to present the extended form of this equation but we note that in this relatioṅ
By taking time derivative of equations (18) and (19) and doing some calculations, we reach the following equations respectivelÿ
In terms of the sign of the sound speed, the phase plane is divided into the following four regions. c 2 a > 0 is the necessary for the stability of the solutions. As we see in figure 3 , the stable regions of the solutions in this case are the regions I and III. The region I belongs to a quintessence phase, while region III is a phantom phase.
V.
STATEFINDER DIAGNOSTIC
Nowadays there are a lot of dark energy models. In 2003 Sahni et al. [84] have proposed a new pair of parameters {r, s}, called statefinder parameters to distinguish between different types of dark energy models. By using the second and third derivatives of the scale factor these parameters can be achieved. The second derivative of the expansion factor gives the deceleration parameter. In spatially flat universe it takes the following form
These statefinder diagnostic pair of parameters, {r, s}, are defined as
The statefinder diagnostic tool completely depends on the scale factor. Describing the spacetime by a metric implies that the statefinder is a geometrical diagnostic tools. From the statefinder diagnostic's point of view, there are various dark energy models which their evolutionary trajectories in {r, s} (or equivalently in {r, q} or {s, q}) plane are different. So, the statefinder diagnostic tool has an important role in distinguishing between alternative dark energy models. Besides, the statefinder parameters are useful tools to study the expansion history of the universe by using higher derivatives of the scale factor (˙ȧ˙). Currently the concordance model for dark energy scenario is the ΛCDM model which corresponds to fixed point in the r−s phase diagram with {r, s} ΛCDM = {1, 0} (or equivalently {r, q} ΛCDM = {1, −1} or {s, q} ΛCDM = {0, −1} ). By describing the trajectories in the r −s phase plane, we can identify discrepancy of the models from the ΛCDM scenario [85] . The equation (42) can be rewritten as
As we have seen previously, for both quintessence and phantom fields which their derivatives are non-minimally coupled to curvature, there are attractor solutions. By taking derivative from Eq. (18) 
ǫ + 3 )(1 −
(ǫ +
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where a prime shows derivative with respect to N = ln a(t) and x (20)- (22) respectively. Note also that this relation holds for both quintessence and phantom field due to existence of ǫ = ±1. Also by substituting equations (78), (41) and (18) into equation (43), the parameter s can be derived. For the sake of economy we do not present this lengthy equation explicitly here. Now we study numerically the statefinder diagnostic for both quintessence and phantom field in this setup. First we consider quintessence field and set ǫ = 1 in the above equation. Figure 4 illustrates the trajectories of {q, r} and {q, s} phase plane and ω ϕ for the critical points [7] . The figures indicate that with different values of λ and α parameters the trajectories can evolve differently. Just by considering larger values of parameter α, the trajectories of parameters will approach the ΛCDM model. So, the ΛCDM is not in the cosmic history of quintessence field with non-minimal derivative coupling at least for small values of parameter α. For phantom field we set ǫ = −1 in equation (78) . Figure 5 illustrates the trajectories of {q, r} and {q, s} phase plane and ω ϕ for critical points F ±∓ with two different values of the λ and α parameters. For blue solid line, the late time stable attractor solutions F ±∓ indicate that if λ = 0.1 and α = −3.15, the initial values will be x 2 = 0.90 and x 3 = 0.56 (x 2 3 = Ω m = 0.31) with x 4 = 0. For λ = 0.80 and α = −3.80, the initial values will be x 2 = 0.87, x 3 = 0.56 and x 4 = 0 for brown-dashed line and this is in agreement with Planck2015 data [7] . Once again, these figures indicate that with different values of λ and α parameters, the trajectories can evolve differently. Considering smaller values of α, the trajectories of parameters will approach the ΛCDM model and therefore ΛCDM belongs to the cosmic history with a phantom field with non-minimal derivative coupling.
VI. COSMOLOGICAL PERTURBATIONS WITH QUINTESSENCE FIELD
Now we study cosmological perturbations in our setup with a quintessence field that is coupled non-minimally with dark matter and also its derivatives are coupled to the background curvature. We investigate the analytical solution of matter perturbations in this coupled scenario and compare the results with matter perturbation solutions without interaction between the dark sectors. In scalar perturbations scenario a FRW perturbed background metric has the following form (we do not study vector and tensor perturbations):
where ∂ i stands ∂/∂x i , the spatial partial derivative. Now we define cosmological gauge-invariant variables. The scalar perturbations transform under gauge transformations t → t + δt and x → x i = x i + δ ij ∂ j δx as [86, 87] A → A −δt,
Also the field perturbation transformation is
It is convenient to consider Bardeens or gauge invariant potentials which firstly were introduced in [86] . There are, in addition, other gauge invariant variables, (see for instance [88, 89] ), but here we just consider Bardeen's potentials as follow: The lower panel is devoted to ωϕ parameter.
It is useful to consider the following decomposition of energy-momentum tensor for perturbation calculations
where Π α β is a traceless anisotropic stress. We suppose the Newtonian (longitudinal or shear-free) gauge in which 
where a prime denotes derivative with respect to ϕ. We investigate the evolution of perturbations on sub-Hubble scales. For this end, we are interested in to calculate δ m ≡ δ(F (ϕ)ρ m )/F (ϕ)ρ m in order to derive matter perturbations. Note that large scale galaxy clustering observations induce constraints on the dark energy, and in this case this parameter plays an important role. In which follows, we consider ω m as a constant. By adopting the following Fourier transformations
∇ϕ(x, t) → ie ik.r kϕ(t),
equations (56) and (57) can be read as followsδ
Notice that, since the equations are linear, the Fourier modes e ik.r can be easily dropped out. Taking a derivative from Eq. (61) and eliminating ν m from the two above equations, we obtain
We consider non-relativistic matter (ω m = 0) on scales much smaller than the Hubble radius (k ≫ aH). In this case, Eq. (63) takes the following form
By considering F ′ (ϕ) = αF (ϕ),φ in terms of dimensionless parameter from (16) and δϕ from perturbed KleinGordon equation, we geẗ
Using the relation
(66) With this result, we study dynamics of generated perturbations in this setup.
A. Perturbations in the matter domination era
By choosing transient regime corresponding to the critical points C ± in table I, (that is α 2 < 3 2 and −α 2 + λα < 3 2 ), we have
and using the relation Ω m = 1 − Ω ϕ , we get
Then equation (89) takes the following form
Solving these two equations we reach at the general solutions
For equation (69) we have
For comparison, in the minimal case (see for instance [26] ), δ m ∝ a in order to have formation of galaxy clustering in matter domination era. It is easy to see that just in n + case, when α = 0, we reach δ m ∝ a. For this reason, we ignore the n − case. For n + case, if we consider interaction between dark energy and dark matter, the growth rate is higher than the minimal case and this rate depends on the value of α.
For equation (70) we have
By the same reason, here we consider just the n + case (with α = 0, just in n + case δ m ∝ a). However, if we consider interaction between dark energy and dark matter, the growth rate of matter perturbation depends on the value of α. This is shown in figure 6 . For small values of α, it is slightly more than 1, but for other values of α, the growth rate of matter perturbation is less than the value for the minimal case. We note that in the matter domination era the values of α are extremely small, therefore the growth rate of matter perturbation is slightly more than the value for the minimal case.
B. Perturbations in the scaling solution era
Now we investigate the growth rate of matter perturbations in the scaling solution era. From table I for critical points F ± that have scaling solutions, we have
,
By replacing the above relations, Ω m = 1 − Ω ϕ and equation (68) in equation (89), we get
Solving the equation (75), we obtain the analytical solutions like equation (71) with the following n ±
The growth rate of matter perturbation versus α in the matter domination era.
solving the equation (76) we obtain the analytic solution like equation (71) with following n ± ,
So, in this case the growth rate of matter perturbations depends on two quantities α and λ. As we see from figure 7 for positive λ and negative α that we have derived in the previous section, n + > 0 and n − < 0. Therefore, we consider just n + . For uncoupled dark energy and dark matter n + ≤ 1 (see [26] ), but in our interacting model n + becomes larger than 1 in both cases.
VII. THE PHASE SPACE ANALYSIS
We consider the case with negative Q (where the energy flows from dark energy to dark matter) and investigate the cosmological status of this model via a dynamical system analysis. We also focus mainly on the role of the non-minimal derivative coupling and the sign of the interaction between the dark sectors. For this purpose, we use the dimensionless quantities defined in (16) to translate the dynamical equations to an autonomous system. As before, this allows us to investigate evolution of just three variables since the forth one can be expressed in terms of the other ones. In which follows we consider x 1 as our dependent variable and omit it in our forthcoming calculations. We rewrite the Friedmann equation (9) and the equation of motion (10) 
Considering a new time variable as N = ln a(t), the equations (20) and (22) are valid but equation (21) changes the sign as follows
A. The phase space with a quintessence field Solving equations (20), (22) and (81) with ǫ = +1 we reach at seven critical points (A, B, C, D, E, F, G) in our system, but the critical point G is not a physically acceptable point, so we just investigate the remaining six points. The results are summarized in tables V and VI. Now we discuss properties of each critical point separately. In all calculations we consider the condition γ = 1 (a pressureless matter).
The critical point A represents an attractor point
The growth rate of matter perturbations versus α and λ in the present scaling solution era (Eq. (77)).
2 and λ > √ 6. Otherwise it is saddle point in the phase space and a scalar field's kinetic energy term dominates the universe. In this case we have no late-time acceleration.
Like as the fixed point A, the critical points B ± show saddle points in the phase space. These points belong to matter domination era. These points represent that the matter domination era is a transient phase with deceleration.
The critical points C ± show a solution with matter density term domination and a scalar field's kinetic energy term domination. As we see this contribution depends on the value of α. But the behavior of two critical points depends on the value of λ and α. If we consider λ 2 < 9 10 and λα − α 2 > 3 2 these two critical points are attractors, otherwise they will be saddle points. However, in both cases we can not reach accelerated phase of expansion.
The critical points D ± denote either a solution with a potential energy term domination or a scalar field's kinetic energy term domination. As we see this contribution depends on the value of λ. These two critical points behave like attractor points in the phase space if we consider λ 2 < 6 and λ 2 −λα < 3. But if we consider λ 2 − λα > 3 these two fixed points will be saddle. However, in both cases supposing λ 2 < 2 leads to reach accelerating phase of expansion.
These critical points represent cosmological constant domination. Unfortunately in this case the eigenvalues are indefinite and one cannot understand the behavior of the fixed points E ± .
The critical points F ±∓ are scaling solutions with accelerated expansion and naturally the coincidence problem can be alleviate in this case. Depending on the values of the eigenvalues there are two situations: If we choose λ and α parameters from the shaded regions in the left panel of figure  8 , the critical points will be attractor nodes. But, considering λ and α parameters from the shaded region in the right panel of figure 8 , the critical points will be stable spiral. It means that the eigenvalues are complex numbers with negative real parts. For
there is an accelerated expansion phase. In fact, our analysis verifies that Ωm Ωϕ < 1 and ω totc < − It shows that all the trajectories converge to the attractor points F ±∓ . By choosing correct values of quantities λ and α, we obtain the current value of dark matter density, Ω m , that is in agreement with the recent data from Planck2015 [7] , that is, Ω m = 0.3089 ± 0.0062 from TT, TE, EE+lowP+lensing+ext data.
B. The phase space with a phantom field
Solving equations (20), (22) and (81) C±(0,
TABLE VI. The eigenvalues (θi's) of the critical points for quintessence field.
, 0, 0)
Critical points F±∓ are stable nodes in the narrow shaded regions of the λ-α plane (left panel), while they are stable spirals in the shaded regions of the right panel.
our system. These critical points and stability around them are summarized in tables VII and VIII. Now we investigate the properties of each critical point separately.
In all calculations like previous subsection we suppose the condition γ = 1.
• Critical points B ± : Like the previous subsection, the critical points B ± show saddle points in the matter dominated phase space and represent that the matter domination era is a transient phase.
• Critical points E ± : These critical points represent cosmological constant domination era. Once again in this case the eigenvalues are indefinite and one can not understand the behavior of the fixed points E ± .
The critical points F ±∓ show either a solution with matter density term plus a scalar field's kinetic energy term domination or just a potential term domination. But according to their eigenvalues, these points are saddle points and could not be attractor solutions for late time acceleration.
The critical points G ±∓ show a solution with cosmological constant domination. These points also are saddle points and could not be considered as an attractor solution for late time acceleration.
VIII. PERTURBATIONS IN QUINTESSENCE
Now we study cosmological perturbations in this setup with a quintessence field that is coupled non-minimally with dark matter and also its derivatives are coupled to the background curvature. In this case the energy transfers from dark energy to dark matter. We investigate the analytical solution of matter perturbations in this coupled scenario and compare the results with matter perturbation solutions without interaction between the dark sectors. Equations (52) , (53) , (54) and (55) are valid in this situation too, but equations (56) and (57) now read as follows
where a prime denotes derivative with respect to ϕ. We investigate the evolution of perturbations on sub-Hubble scales. We calculate δ m ≡ δ(F (ϕ)ρ m )/F (ϕ)ρ m in order to derive matter perturbations. In which follows we consider ω m as a constant and using the Fourier-transformed equations (58) (59) (60) and Bardeens potentials (49) and (50), we find , 0) not exists ---
≥ 0 saddle point point(x2c, x3c, x4c) θ1, θ2, θ3
Taking derivative from Eq. (84) and eliminating ν m from the two above equations, we find
We investigate non-relativistic matter (ω m = 0) on scales which are much smaller than the Hubble radius (k ≫ aH). In this case, Eq. (86) takes the following form
Considering F ′ (ϕ) = αF (ϕ),φ in terms of the dimensionless parameter from (16) and δϕ from perturbed KleinGordon equation, we geẗ
Once again we just consider the n + case. With the same reason, when α = 0 then n + = 1 and δ m ∝ a. But, if we consider interaction between dark energy and dark matter, the growth rate is lower than the minimal case and this depends on the values of α. This is shown in the right panel of figure 10 . For small values of α it is slightly more than 1, but for other values of α, the growth rate of matter perturbation is less than the minimal case. We note that in the matter domination era the values of α are extremely small. Therefore, the growth rate of matter perturbation is slightly more than the minimal case.
B. Perturbations in the scaling solution domination era
Now we investigate the growth rate of matter perturbations in the scaling solution era. From table V, for the critical points F ±∓ that have scaling solutions, we have
By replacing the above relations, using Ω m = 1 − Ω ϕ and equation (91) in equation (89), we get
F or x 1 = 1 2
F or x 1 = − 1 2
Solving the equation (98), we obtain the analytic solution like equation (94) with the following n ±
Also by solving the equation (99) we obtain the analytic solution like equation (94) with the following n ±
The above equations show that the growth rate of matter perturbations depends on the two quantities α and λ.
As figure 10 shows, for positive λ and α (that we have derived in the previous section), we have two possible cases: n + > 0 and n − < 0. So, we consider just the n + case. For uncoupled dark energy and dark matter, n + ≤ 1 (see [26] ), but in our interacting model n + can become even larger than 1 in both cases. This shows that in the interacting scenario the growth rate of perturbations is larger than the minimal non-interacting case.
IX. CONCLUSION
In this paper we have studied cosmological dynamics of an extended gravitational theory that gravity is coupled non-minimally with derivatives of a dark energy component and there is also an explicit and phenomenological interaction between the dark energy and dark matter. This is a simple interacting dark energy model that has the potential to alleviate the coincidence problem. In the first step we considered the direction of energy flow from dark matter to dark energy. In this case for a quintessence field we have shown that there are critical points F ±∓ that are attractor scaling solutions in phase space of the model. With this scaling solution the issue of cosmological coincidence can be alleviated. This happens by choosing λ and α parameters from the shaded region in the left panel of figure 1 . We obtained also the current value of the dark matter density parameter, Ω m , that is in agreement with the recent data from Planck2015 [7] , that is, Ω m = 0.3089 ± 0.0062 from TT, TE, EE+lowP+lensing+ext data. Furthermore, these points represent that for positive λ we have to consider negative α and coupling term behaves like a potential function. For a phantom field, the critical points F ±∓ show that if we choose α and λ from the shaded region in the left panel of figure 2 , the critical points will be attractor nodes. We were able to obtain the current value of the dark matter density, Ω m , that is in agreement with the recent data from Planck2015 [7] by choosing α = −3.5 and λ = 0.5. Furthermore, the equation of state parameter of the dark energy gets a value which is close to the equation of state parameter of the dark energy from TT, TE, EE+lowP+lensing+ext data in Ref. [7] as ω = −1.019
The most important issue about points F ±∓ is that the existence of the non-minimal derivative coupling provides the possibility of having attractor solution (or scaling solution) for the present universe in contrast with the previous works (such as [26] ) that show jut the existence of future attractors. The existence of these scaling solutions sheds light on the issue of coincidence problem at this epoch. We note that in our case, the coincidence problem reduces to a simple choice of parameters in order to match dark energy/dark matter to recent observations. Since the accelerated scaling solution is an attractor in our case, no fine-tuning of initial conditions is needed. Nevertheless, the dynamics that produces such a scaling in the dark sectors possibly has other undesirable consequences (see [71] ). If we consider non-minimal derivative coupling without interaction between dark sectors, there is no attractor points [77] . The critical points G ±∓ , for a narrow range of α, show a solution with matter density and a scalar field's kinetic energy term domination. These points also, are critical points that carry some information about the role of the non-minimal derivative coupling in this setup. These solutions are attractor if we choose α and λ from the shaded region in the right panel of figure 2 . As we see from the right panel of figure 2, α and λ parameters have the same signs in contrast with the critical points F ±∓ . To find a value of the dark matter density parameter, Ω m , that is in agreement with the recent data from Planck 2015 [7] with Ω m = 0.3089 ± 0.0062, we have to consider α = 1.61 with any positive λ. Furthermore, the equation of state parameter of the dark energy reaches to −1.85, which is close to the best fit ω = −1.94 for Planck+WMAP and to the best fit ω = −1.94 for Planck+WMAP+high L [6] , ω = −1.54
+0.62
+0.58
−0.48 for TE+EE in [7] . Our analysis has shown that in the absence of the non-minimal derivative coupling, there is no such a good agreement with data in our setup. In fact, existence of a non-minimal coupling between the derivatives of the dark energy component with curvature provides a better fit with observations in this setup. To proceed further, we have analyzed the classical stability of the solutions in the ω ′ ϕ − ω ϕ phase-plane of the scalar fields with nonminimal derivative coupling for both quintessence and phantom field in two directions of energy flow between the dark sectors. The stability of solutions in ω ′ ϕ − ω ϕ phase plane is independent on the direction of energy flow. The sound speed of the scalar field in order to get ride off the future big-rip singularity should be positive, that is, c 2 a > 0. With this fact, the right panel of figure 3 shows the regions of stability of classical solutions in ω ′ ϕ − ω ϕ phase-plane. The region I belongs to a quintessence phase, while region III is for a phantom phase. These are the regions that the classical solutions are stable. Then we have studied the statefinder diagnostic in this non-minimal interacting model. By using statefinder diagnostic tool with {q, r} and {q, s} phase diagrams to distinguish between alternative dark energy models, we were able to see possible realization of the concordance ΛCDM phase in our setup. First we have considered a quintessence field where the right panel of figure 4 illustrates the trajectories of {q, r} and {q, s} phase plane and ω ϕ for the critical points F ±∓ with two different values of λ and α parameters in this case. The figures indicate that with different values of λ and α parameters, the trajectories can evolve differently. Just by considering larger values of parameter α, the trajectories of parameters will approach the ΛCDM model. So, the ΛCDM is not in the cosmic history of quintessence field with non-minimal derivative coupling, at least for small values of the parameter α. For phantom field the right panel of figure 5 illustrates the trajectories of {q, r} and {q, s} phase plane and ω ϕ for critical points F ±∓ with two different values of the λ and α parameters. Once again, these figures indicate that with different values of λ and α parameters, the trajectories can evolve differently. Considering smaller values of α, the trajectories of parameters will approach the ΛCDM model and therefore ΛCDM belongs to the cosmic history with a phantom field with non-minimal derivative coupling.
As an important issue in cosmological dynamics we have studied the cosmological perturbations in this nonminimal interacting model with details and analytical solutions. In the first step we have studied the cosmological perturbations in our setup with a quintessence field that is coupled non-minimally with dark matter and also its derivatives are coupled to the background curvature. We investigated the analytical solution of matter perturbations in this coupled scenario and compared the results with matter perturbation solutions without interaction between the dark sectors in two cases, that is, matter domination and scaling solution era. We considered Bardeen's or gauge invariant potentials and nonrelativistic matter (ω m = 0) on scales much smaller than the Hubble radius (k ≫ aH). In the matter domination era by considering interaction between dark energy and dark matter, for small values of α (note that in the matter domination era the values of α are extremely small), the growth rate of matter perturbation is slightly more than the value for the minimal case (see for instance Ref. [26] where δ m ∝ a). This feature is shown in the right panel of figure 6 . For growth rate of matter perturbations in the scaling solution era, (as is shown in table I, for the critical points F ± there are scaling solutions), the growth rate of matter perturbations depends on two quantities α and λ. As we have shown in the right panel of figure  7 , for positive λ and negative α, n + > 0 and n − < 0. By considering just n + case, for uncoupled dark energy and dark matter n + ≤ 1 (see for instance [26] ), but in our interacting model n + becomes larger than 1 in both cases. This shows that in the interacting scenario the growth rate of perturbations is larger than the minimal non-interacting case.
We have extended our analysis for the case that the direction of the energy flow gets reversed. That is, the energy flows from dark energy to dark matter. The totality of the analysis is the same, but there is a significant difference that in contrast to the previous case, now both λ and α parameters have the same positive signs for quintessence field. That is to say, potential and the field do not grow in the same manner. For the phantom field in this case, in contrast to the previous case, there is no scaling solution. For perturbations, the growth rate has no considerable difference from the case with opposite direction of the energy flow. Finally, we note that near coincidence of dark sectors energy densities in our case does no longer depend on the initial conditions. It depends only on the interaction between the dark sectors and coupling constants. Nevertheless, while the phasespace trajectory the universe follows from some point onward is unique and independent of the initial conditions, the current position of universe on this trajectory depends on them as usually happens in all cosmological models. In summary, an explicit interaction between the dark sectors in the presence of non-minimal derivative coupling between dark energy and curvature realizes scaling attractor solutions at late-time which can alleviate the coincidence problem.
